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Resumen 

El objetivo de este estudio fue explorar el Efecto de la Edad Relativa (RAE) en atletas jóvenes según el sexo, la 

disciplina deportiva, la categoría de edad y el rendimiento deportivo en los Juegos Deportivos Nacionales 2024 (JDN-

2024) de Costa Rica. Se analizaron un total de 16357 atletas de 22 disciplinas que compitieron en la fase clasificatoria 

de los JDN-2024. De estos, 5030 avanzaron a la fase final. Se establecieron los cuartiles de nacimiento: Q1= 1 de 

enero - 31 de marzo, Q2= 1 de abril - 30 de junio, Q3= 1 de julio - 30 de septiembre y Q4= 1 de octubre - 31 de 

diciembre. Los resultados confirmaron la presencia del RAE en atletas masculinos y en deportes de equipo, tanto en 

la fase clasificatoria como en la fase final de los JDN-2024. Los nacidos en Q1 estuvieron significativamente 

sobrerrepresentados en comparación con los nacidos en Q4 (V= 0,02 - 0,04). Entre los atletas masculinos, se encontró 

RAE en fútbol en la fase clasificatoria (V= 0,06) y en taekwondo durante la fase final (V= 0,16). También se mostró 

un desequilibrio de cuartiles en el baloncesto masculino en la fase final, fuera del contraste Q1-Q4 (V= 0,15). En 

atletas femeninas, se observó una inversión del RAE únicamente en ajedrez en la fase clasificatoria (V= 0,10). El 

RAE apareció a los 16, 19 y ≥21 años en atletas masculinos, y a los 15 y 19 años en deportes de equipo (V= 0,04 - 

0,09). Nacer en Q1 se asoció con una probabilidad ligeramente mayor de avanzar a la fase final en deportes 

individuales (V= 0,02); sin embargo, no se encontró una asociación estadísticamente significativa entre el cuartil de 

nacimiento y la obtención de medallas. Por lo tanto, aunque el RAE estuvo presente en el proceso de selección, no 

determinó el rendimiento deportivo. 

Palabras clave: cuartil de nacimiento, identificación del talento, deporte juvenil, torneo, América Central. 
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ABSTRACT 

This study aimed to explore the Relative Age Effect (RAE) among youth athletes according to sex, sport discipline, 

age category, and performance at the National Sport Games (Juegos Deportivos Nacionales 2024 [JDN-2024]) of 

Costa Rica. A total of 16357 athletes from 22 disciplines who competed in the qualifying phase of the JDN-2024 

were analyzed. Of these, 5030 advanced to the final phase. Birth quartiles were established: Q1=January 1 - March 

31, Q2=April 1 - June 30, Q3=July 1 - September 30, and Q4=October 1 - December 31. The findings confirmed the 

presence of RAE among male athletes and in team sports both in the qualifying and final phases for JDN-2024. Those 

born in Q1 were significantly overrepresented compared with those born in Q4 (V= 0.02 - 0.04). Among male athletes, 

RAE was found in football in the qualifying phase (V= 0.06) and taekwondo during the final phase (V= 0.16). A 

quartile imbalance was also shown in male basketball in final phase, outside the Q1-Q4 contrast (V= 0.15). In female 

athletes, RAE reversal was observed only in chess in the qualifying phase (V= 0.10). RAE appeared at 16, 19, and 

≥21 years among male athletes, and at 15 and 19 years within team sports (V= 0.04 - 0.09). Being born in Q1 was 

associated with a slightly higher likelihood of advancing to the final phase in individual sports (V= 0.02); however, 

no statistically significant association was found between birth quartile and medal attainment. Therefore, while RAE 

was present in the selection process, it did not determine sport performance. 

Keywords: birthdate quartile, talent identification, youth sport, tournament, Central America. 

 

RESUMO 

O objetivo deste estudo foi explorar o Efeito da Idade Relativa (RAE) em jovens atletas considerando o sexo, a 

modalidade esportiva e a categoria de idade e o desempenho esportivo nos Jogos Desportivos Nacionais (Juegos 

Deportivos Nacionales 2024 [JDN-2024]) da Costa Rica. Um total de 16357 atletas de 22 modalidades que 

competiram na fase classificatória dos JDN-2024 foi analisado. Destes, 5030 avançaram para a fase final. Os quartis 

de nascimento foram definidos como: Q1= 1 de janeiro - 31 de março, Q2= 1 de abril - 30 de junho, Q3= 1 de julho 

- 30 de setembro e Q4= 1 de outubro -31 de dezembro. Os resultados confirmaram a presença do RAE em atletas 

masculinos e em modalidades coletivas, tanto na fase classificatória quanto na fase final dos JDN-2024. Os nascidos 

no Q1 estiveram significativamente sobrerrepresentados em comparação com os nascidos no Q4 (V= 0,02 - 0,04). 

Entre os atletas masculinos, o RAE foi identificado no futebol na fase classificatória (V= 0,06) e no taekwondo 

durante a fase final (V= 0,16). Também se observou um desequilíbrio de quartis no basquetebol masculino na fase 

final, fora do contraste Q1-Q4 (V= 0,15). Nas atletas do sexo feminino, observou-se uma inversão do RAE apenas 

no xadrez na fase classificatória (V= 0,10). O RAE apareceu aos 16, 19 e ≥21 anos em atletas masculinos, e aos 15 e 

19 anos em modalidades coletivas (V= 0,04 - 0,09). Nascer no Q1 esteve associado a uma probabilidade ligeiramente 

maior de avançar para a fase final nas modalidades individuais (V= 0,02); no entanto, não foi encontrada uma 

associação estatisticamente significativa entre o quartil de nascimento e a conquista de medalhas. Portanto, embora 

o RAE estivesse presente no processo de seleção, não determinou o desempenho esportivo. 

Palavras-chave: quartil de nascimento, identificação de talentos, esporte juvenil, torneio, América Central. 

 

 

 

INTRODUCTION  

In youth sport, athletes are often grouped by chronological age to promote equal participation opportunities. Most 

sports organizations and development programs use a one-year calendar cut-off period to classify the athletes into 

age categories, usually from January 1st to December 31st (Cobley et al., 2009; Faber et al., 2020). Although this 

approach is intended to promote equitable participation, it may unintentionally create age-related disparities within 

the same competitive category, with athletes born earlier in the selection year outperforming their relatively younger 

peers (Jakobsson et al., 2021; Wattie et al., 2015).  
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This phenomenon, known as the relative age effect (RAE), refers to the overrepresentation of athletes born in the 

early months of the selection year and the underrepresentation of those born later (Sweeney et al., 2024; Tascioglu 

et al., 2023). Commonly, RAE is attributed to differences in biological maturation, physical attributes, and 

psychosocial factors that may confer temporary advantages to relatively older athletes during childhood and 

adolescence (Bezuglov et al., 2022; Kearney et al., 2018; Musch & Grondin, 2001; Silva et al., 2022), which can be 

transferred and reflected in senior teams' rosters (Ferragut et al., 2021; Lupo et al., 2019; Roberts et al., 2021). Since 

these advantages can influence coaches' perceptions of athletes' talent when selecting them, premature discrimination 

may occur, excluding relatively younger athletes from participating in higher-level training processes and high-level 

competition tournaments, negatively impacting their sports careers (Gil et al., 2021; Hollings et al., 2014; Lidor et 

al., 2021). 

RAE has been widely studied across sports and competitive levels. Research has been conducted across a variety of 

sports in nations such as Switzerland (Romann et al., 2018), Brazil (de Almeida-Neto et al., 2023), Sweden 

(Jakobsson et al., 2021), Norway (Kirkeberg et al., 2022), Italy (Brustio et al., 2023), England (Reed et al., 2017)  

and Israel (Lidor et al., 2021), consistently demonstrating the presence of RAE and recognizing it as a bias that must 

be addressed to ensure fairness in talent selection processes.  

Previous research has shown that the magnitude of the RAE may vary according to factors such as age, sex, sport 

discipline, and competition performance level. RAE affects both team and individual sports. In this sense, football 

stands out as a discipline that has been well-documented across multiple age categories for many years (Roberts et 

al., 2021), although it also manifests in basketball (Ibáñez et al., 2018), volleyball (Rubajczyk & Rokita, 2020), and 

handball (de la Rubia et al., 2021). In individual sports, the presence of RAE has been documented among athletes 

in both track and field events (Difernand et al., 2023; Saavedra-García et al., 2016), in swimming (Lorenzo-Calvo et 

al., 2021), tennis (Aku & Yang, 2024), and combat sports (de Almeida-Neto et al., 2023). Furthermore, the RAE 

impact tends to be more pronounced in male than female athletes (Lidor et al., 2021; Romann et al., 2018; Smith et 

al., 2018). Likewise, lower participation density in a sport, as well as different selection criteria, may increase or 

decrease the RAE impact in the sport (Kelly et al., 2022; Porto et al., 2021; Voet et al., 2022).  

On the other hand, the evidence points to a possible relationship between the RAE and competitive results (de la 

Rubia et al., 2020). Some studies report an association between relative age and short-term competitive success, such 

as ranking positions, playing time, or medal attainment. For example, in U15 and U20 basketball categories, RAE 

has been linked to team success, greater playing time for relatively older players, and performance metrics (Arrieta 

et al., 2016; Tascioglu et al., 2023). In women’s handball, performance statistics are better for players born in the 

earlier quartiles compared to those born later in the year (de la Rubia et al., 2021). In track and field events, athletes 

born in the first quartile of the year won more medals than those born in other quartiles (Bezuglov et al., 2022). 

Additionally, RAE raises the likelihood of winning in combat sports such as taekwondo (Minsoo et al., 2022). 

However, there are also studies that have found no relationship between the RAE and technical-tactical collective 

and individual performance in team sport (de Oliveira Castro et al., 2024; Folle et al., 2026). 

Based on the above, the available evidence indicates that RAE is a complex phenomenon that manifests mainly in 

selection and progression processes within youth sport systems. Yet this evidence comes mostly from Europe, Asia, 

and South America, and usually from a single sport or a single sex, which leaves open how RAE behaves across a 

whole national youth system examined at once. Central America, in particular, has barely been studied, so little is 

known about how the effect operates in systems with different organizational structures, participation patterns, and 

talent-development pathways. In Costa Rica, the National Sport Games (Juegos Deportivos Nacionales, [JDN]) is a 

government-run annual program that promotes sport participation among young athletes nationwide across several 

disciplines and works as a strategic platform for identifying talent with the potential to enter high-performance 

pathways and reach national teams. Analyzing the National Sport Games 2024 (JDN-2024) makes it possible to 

examine all registered athletes, 22 disciplines, both sexes, and two competitive phases within a single dataset. 

Therefore, this study aimed to explore the presence of RAE among young athletes participating in the JDN-2024, 

according to sex, sport, age category, and sport performance. 
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MATERIAL AND METHOD 

Study design  

This study followed a non-experimental, retrospective and ex post facto design with a descriptive-comparative and 

associational approach (Ato et al., 2013). This design allowed for the comparison of birth quartile distributions across 

different groups (sex, sport type, age, and competitive phase) and to examine the associations between relative age 

(birth quartile) and competitive outcomes (qualification and medal attainment). 

Participants 

This study used a census, non-probabilistic sampling approach, encompassing the full population of athletes formally 

registered and eligible to compete in the JDN-2024. A total of 16357 athletes from 22 sports disciplines competed in 

the qualifying phase across different regions of Costa Rica, of whom 5030 advanced to the final phase. Among all 

qualifying-phase participants, 10229 were male (16.91 ±2.64 years; 2653 qualified for the final phase) and 6128 were 

female (16.01 ±2.91 years; 2377 qualified). A total of 7731 athletes competed in seven team sports, namely 

basketball, football, futsal, volleyball, beach volleyball, handball, and baseball (male only), with an average age of 

17.63 ±1.97 years, of whom 1426 advanced to the final phase. The remaining 8626 athletes participated in 15 

individual sports, namely athletics, boxing, chess, cycling, artistic gymnastics, rhythmic gymnastics (female only), 

weightlifting, judo, karate, swimming, skating, taekwondo, tennis, table tennis, and triathlon, with an average age of 

15.64 ±3.04 years, of whom 3604 advanced to the final phase. Each sport had its own age range for participation, 

competitive format, and qualification criteria, in accordance with national and international guidelines. The only 

inclusion criterion was formal registration in the ICODER database to compete in the qualifying phase; no exclusion 

criteria applied, as the entire population was analyzed and the records supplied were complete for the variables of 

interest. Table 1 presents the distribution of athletes by birth quartile, their average age by sex, and sport discipline. 

Instruments and variables 

The primary instrument was the official digital database managed by the Instituto Costarricense del Deporte y la 

Recreación (ICODER), which holds the registration and competition records for every athlete taking part in the JDN-

2024. The data for each athlete included: chronological age (years), date of birth, sex (male/female), sport discipline, 

and medal attainment (for most sports).  

The variables were operationalized as follows: Sex was coded as a dichotomous variable (male/female). The sport 

was recorded as the specific sport discipline (n= 22) in which each athlete competed and was grouped into two types: 

individual and team sports. The age category was defined according to the competitive age groups established for 

each discipline, in accordance with the guidelines of national and international federations, so that athletes were 

assigned to the category in which they were officially registered to compete. Competitive performance was recorded 

using two variables: qualification, coded as whether the athlete advanced from the qualifying round to the final round 

(yes/no), and medal win, coded as whether the athlete won a medal in the final round (yes/no). Medal data were 

available for 4558 of the 5030 finalists, as three disciplines did not report them. 

Considering that the cut-off date for sports in Costa Rica is January 1, the RAE variable was created and categorized 

into the following quartiles: Q1= January 1-March 31, Q2= April 1-June 30, Q3= July 1-September 30, and Q4= 

October 1-December 31. This quartile classification was the primary independent variable in all analyses. 
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Table 1 

Distribution of athletes according to sport discipline and sex. 

 Female  Male 
Age mean 

Sport Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Athletics 186 177 184 201 216 195 184 213 16.36 ±3.04 

Boxing 52 76 67 55 197 229 200 205 16.86 ±2.24 

Chess 31 54 44 58 150 142 141 134 13.25 ±3.17 

Cycling 21 20 23 21 99 113 94 112 16.94 ±1.93 

Artistic gymnastics 79 72 72 85 8 14 12 8 12.32 ±2.72 

Rhythmic gymnastics 39 55 41 40 - - - - 12.48 ±2.80 

Weightlifting 28 17 28 29 31 32 17 31 18.83 ±2.84 

Judo 36 32 45 31 51 57 58 59 16.70 ±2.35 

Karate  71 81 71 79 90 82 89 94 15.83 ±2.57 

Swimming 97 92 105 86 68 83 98 80 15.36 ±2.38 

Skating 21 25 28 29 11 18 13 13 13.76 ±2.44 

Taekwondo 126 120 138 115 176 146 176 160 15.89 ±2.57 

Tennis 43 31 34 29 49 53 62 66 14.46 ±2.20 

Table tennis 38 27 31 39 64 42 70 60 14.19 ±3.09 

Triathlon 23 23 16 21 33 32 32 26 17.69 ±3.40 

Basketball 64 49 67 56 129 140 148 124 18.58 ±1.60 

Handball 40 33 33 38 52 35 49 44 19.58 ±1.73 

Baseball - - - - 74 56 68 56 15.98 ±2.34 

Football 243 236 219 249 691 656 624 500 16.75 ±1.30 

Futsal 103 118 120 98 229 209 234 199 18.68 ±2.03 

Volleyball 152 178 159 165 219 189 226 215 18.06 ±2.16 

Beach volleyball 14 16 23 17 23 16 23 13 18.10 ±2.13 

Overall 1507 1532 1548 1541 2660 2539 2618 2412 16.58 ±2.78 

 

Procedure 

First, contact was established with the administrative staff of ICODER to discuss the scope of the research and the 

procedures for collecting official data. The database was supplied by ICODER after the JDN-2024 and contained 

sport-related variables for participants, including chronological age (years), date of birth (day/month/year), sex 

(male/female), sport discipline, and whether the athlete won a medal. However, for rhythmic gymnastics, tennis, and 

table tennis, it was not possible to access information on medal attainment. 

The information was reviewed and cleaned up in Microsoft Excel. The study followed the Declaration of Helsinki 

(World Medical Association, 2013) and the ethical standards for sport and exercise science research (Harriss et al., 

2019). This study is a complementary analysis carried out under a broader doctoral project on relative age in Costa 

Rican youth and professional sport, which was approved by the Bioethics and Biosafety Committee of the University 

of Extremadura (approval no. 144/2024). Individual informed consent was not obtained. The data were provided as 

a secondary administrative record once the event was over, and with >16000 athletes already registered and 

competing, retrospective consent was not feasible. Because the dataset was fully anonymized and involved no contact 

with participants, no assent or parental consent was sought for the minors included. ICODER authorized their use for 

research purposes. All records were handled confidentially and processed in line with Organic Law 3/2018 on the 

protection of personal data and digital rights and with the EU General Data Protection Regulation. 
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Statistical Analysis  

Given the categorical nature of the data, chi-square tests were used throughout. These tests were performed in IBM 

SPSS Statistics (v26.0), with statistical significance set at p< 0.050. It was verified that there were more than five 

expected frequencies in more than 80% of the cells across all analyses. Chi-square goodness-of-fit tests were applied 

to analyze the distribution of birth quartiles, with the expected distribution set at 25% per quartile, assuming uniform 

birth rates across the calendar year, consistent with standard practice in RAE research (Cobley et al., 2009; Smith et 

al., 2018). These analyses were conducted independently for men and women, for individual and team sports, and 

for both the qualifying and final phases of JDN-2024. Specific chi-square tests were performed separately for each 

sport within each sex, and for each age category (independently for men and women, and for individual and team 

sports). In addition, chi-square tests of independence on 4 × 2 cross-tabulations were then used to assess the 

associations of birth quartile (Q1 - Q4) with qualification for the final phase and with medal attainment, run separately 

for the male, female, individual, and team samples. Odds Ratios (OR) and their respective 95% Confidence Intervals 

(95% CI) were calculated to compare Q1 vs Q4 (Lidor et al., 2021; Romann et al., 2018). Because, the standard 

coefficient tends to overestimate association in finite samples, especially in tables with more categories and smaller 

subsamples, effect size was evaluated using bias-corrected Cramer's V (Bergsma, 2013) computed in R (v4.6). The 

correction was applied to both the goodness-of-fit and the independence analysis. Values were interpreted with 

Cohen's (1988) thresholds according to the degrees of freedom of each table. For the quartile distribution analyses 

(df= 3), 0.06, 0.17, and 0.29 denoted small, medium, and large effects; for the 4 × 2 independence analyses (df= 1), 

the corresponding values were 0.10, 0.30, and 0.50. 

RESULTS 

 

RAE by Sex and Sport Type 

 

When all athletes of the qualifying phase were considered (without stratification by sex or sport type), chi-square 

goodness-of-fit analyses did not find a statistically significant result; however, OR and 95% CI analyses suggested a 

Q1 vs. Q4 disparity. In the final-phase sample, RAE was evident, with more athletes born in Q1 than in Q4. Upon 

stratification by sex and sport type, RAE was evident among male athletes and in team sports during both phases, 

with players born in Q1 being overrepresented and small-to-medium effect sizes. No significant quartile effects were 

observed among female athletes or in individual sports (Table 2). 
 

Table 2 

Statistical analysis summary of the distributions of athletes in the qualification phase and final phase of JDN-2024 

by sport type and sex. 

 Qualifying phase Final phase  

 χ2 p V 
OR (95% CI) 

Q1 vs Q4 
χ2 p V 

OR (95% CI) 

Q1 vs Q4 

Whole sample 7.54 0.057 0.01 1.05 (1.01, 1.10 $) 9.01 0.029 * 0.02 S 1.12 (1.10, 1.37 $) 

  Male 13.95 0.003 * 0.02 S 1.10 (1.04, 1.17 $) 14.19 0.003 * 0.04 S 1.23 (1.10, 1.37 $) 

  Female 0.62 0.890 0.00 0.98 (0.91, 1.05) 1.52 0.678 0.00 1.01 (0.90, 1.14) 

  Team sport 20.12 0.001 * 0.02 S 1.15 (1.08, 1.22 $) 9.10 0.028 * 0.03 S 1.25 (1.08, 1.45 $) 

  Individual 

sport 
0.72 0.868 0.01 0.98 (0.92, 1.04) 3.37 0.338 0.00 1.08 (0.98, 1.18) 

Note: a separate analysis was performed for each sample within each phase. *= significant difference in χ2, $= 

specific significant difference between Q1 vs Q4. V= corrected Cramer's V: S= small, M= medium, L= large.  
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RAE by Sport Discipline 

 

Sport-specific analyses of the qualifying phase found RAE in men’s football only, with an overrepresentation of 

athletes born in Q1 compared with Q4 (medium effect size). Athletes born in Q1 had 1.38 times higher likelihood of 

being selected (Table 3). Among male athletes who qualified for the final phase of JDN-2024, taekwondo showed a 

pronounced RAE (effect size medium), with an overrepresentation of Q1 athletes compared with Q4 and a 1.77 times 

higher probability of selection. In football, Q1 players were 1.74 times more likely to be selected than Q4 players in 

qualifying phase (Table 3), and in the final phase a difference was identified between Q1 and Q2. In basketball, the 

OR for the specific Q1 vs. Q4 comparison was not statistically significant, suggesting that the significant quartile 

imbalance may reflect differences between other quartile combinations. In female sports, only chess showed evidence 

of RAE, though in a reversed pattern: athletes born in Q4 were overrepresented relative to those born in Q1 (Table 

4). No statistically significant RAE was found across any sports among female athletes (Table 4). 

 

Table 3 

Statistical analysis summary of the distributions of male athletes in the qualification phase and final phase of JDN-

2024 by sport. 

 Qualification phase Final phase 

Sport χ2 p V 
OR (95% CI) 

Q1 vs Q4 
χ2 p V 

OR (95% CI) 

Q1 vs Q4 

Athletics 3.41 0.332 0.01 1.01 (0.84, 1.23) 2.14 0.543 0.00 1.21 (0.84, 1.73) 

Boxing 3.05 0.383 0.01 0.96 (0.79, 1.17) 4.78 0.188 0.05 1.17 (0.74, 1.86) 

Chess 0.90 0.823 0.00 1.12 (0.89, 1.41) 2.36 0.500 0.00 1.29 (0.66, 2.52) 

Cycling 2.57 0.462 0.00 0.88 (0.67, 1.16) 2.19 0.533 0.00 0.96 (0.63, 1.46) 

Artistic gymnastics 2.57 0.463 0.00 1.00 (0.38, 2.66) 5.77 0.123 0.17 1.25 (0.29, 5.34) 

Rhythmic gymnastics - - - - - - - - 

Weightlifting 5.57 0.134 0.08 1.00 (0.61, 1.65) 3.30 0.347 0.03 1.20 (0.58, 2.50) 

Judo 0.68 0.876 0.00 0.86 (0.59, 1.26) 0.25 0.970 0.00 0.93 (0.56, 1.55) 

Karate 0.84 0.839 0.00 0.96 (0.72, 1.28) 4.34 0.226 0.07 1.25 (0.66, 2.38) 

Swimming 5.55 0.135 0.05 0.85 (0.62, 1.17) 1.34 0.719 0.00 0.86 (0.49, 1.50) 

Skating 1.94 0.584 0.00 0.85 (0.38, 1.89) 1.85 0.605 0.00 0.90 (0.33, 2.47) 

Taekwondo 3.81 0.283 0.02 1.10 (0.89, 1.36) 21.78 0.001* 0.16 M 1.77 (1.09, 2.88 $) 

Tennis 3.21 0.359 0.01 0.74 (0.51, 1.07) 4.95 0.175 0.31 0.39 (0.14, 1.07) 

Table tennis 7.39 0.060 0.07 1.07 (0.75, 1.52) 5.06 0.168 0.19 1.11 (0.67, 1.85) 

Triathlon 1.01 0.801 0.00 1.27 (0.76, 2.12) 5.70 0.127 0.32 2.22 (0.95, 5.20) 

Basketball 2.59 0.459 0.00 1.04 (0.81, 1.33) 9.21 0.021* 0.15 M 1.62 (0.84, 3.13) 

Handball 3.68 0.297 0.03 1.18 (0.79, 1.77) 2.06 0.559 0.00 1.23 (0.74, 2.06) 

Baseball 3.82 0.281 0.03 1.32 (0.93, 1.87) 4.38 0.222 0.05 1.36 (0.81, 2.27) 

Football 33.56 0.001* 0.06 S 1.38 (1.23, 1.55 $) 7.13 0.068 0.08 1.74 (1.07, 2.83 $) 

Futsal 3.76 0.289 0.01 1.15 (0.95, 1.39) 3.13 0.372 0.01 1.52 (0.84, 2.75) 

Volleyball 3.68 0.297 0.01 1.02 (0.84, 1.23) 1.66 0.644 0.13 1.10 (0.60, 2.02) 

Beach volleyball 3.68 0.297 0.07 1.77 (0.90, 3.49) 3.25 0.355 0.31 1.67 (0.49, 5.70) 

Note: a separate analysis was performed for each sport within each phase. *= significant difference in χ2, $= specific 

significant difference between Q1 vs Q4. V= corrected Cramer's V: S= small, M= medium, L= large.  
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Table 4 

Statistical analysis summary of the distributions of female athletes in the qualification phase and final phase of JDN-

2024 by sport. 

 Qualification phase Final phase 

Sport χ2 p V 
OR (95% CI) 

Q1 vs Q4 
χ2 p V 

OR (95% CI) 

Q1 vs Q4 

Athletics 1.63 0.651 0.00 0.93 (0.75, 1.16) 1.03 0.794 0.00 1.02 (0.70, 1.48) 

Boxing 5.90 0.116 0.06 0.95 (0.63, 1.44) 4.17 0.243 0.05 0.73 (0.40, 1.35) 

Chess 9.30 0.026 * 0.10 M 0.53 (0.31, 0.89) 5.96 0.113 0.10 0.61 (0.30, 1.24) 

Cycling 0.22 0.974 0.00 1.00 (0.53, 1.90) 0.95 0.814 0.00 1.05 (0.49, 2.27) 

Artistic gymnastics 1.53 0.675 0.00 0.93 (0.67, 1.29) 2.55 0.465 0.00 0.88 (0.43, 1.79) 

Rhythmic gymnastics 3.90 0.272 0.04 0.98 (0.63, 1.52) 4.71 0.194 0.06 1.07 (0.60, 1.92) 

Weightlifting 3.80 0.283 0.05 0.97 (0.56, 1.69) 3.41 0.331 0.04 0.90 (0.44, 1.86) 

Judo 3.38 0.335 0.02 1.16 (0.70, 1.92) 2.55 0.466 0.00 1.04 (0.56, 1.93) 

Karate 1.09 0.777 0.00 0.90 (0.62, 1.31) 0.57 0.903 0.00 1.10 (0.56, 2.17) 

Swimming 2.04 0.564 0.00 1.13 (0.82, 1.56) 2.16 0.540 0.00 1.29 (0.72, 2.32) 

Skating 1.50 0.681 0.00 0.72 (0.36, 1.45) 0.72 0.867 0.00 1.18 (0.47, 2.96) 

Taekwondo 2.36 0.501 0.00 1.10 (0.84, 1.45) 1.36 0.714 0.00 0.98 (0.60, 1.60) 

Tennis 3.35 0.341 0.02 1.48 (0.86, 2.55) 4.46 0.215 0.10 2.00 (0.71, 5.62) 

Table tennis 2.92 0.403 0.00 0.97 (0.57, 1.65) 1.78 0.617 0.00 0.82 (0.47, 1.45) 

Triathlon 1.57 0.664 0.00 1.10 (0.59, 2.05) 4.50 0.212 0.10 1.56 (0.57, 4.28) 

Basketball 3.35 0.340 0.02 1.14 (0.77, 1.70) 1.96 0.579 0.00 1.23 (0.64, 2.37) 

Handball 1.05 0.788 0.00 1.05 (0.62, 1.78) 1.01 0.797 0.00 1.21 (0.67, 2.20) 

Baseball - - - - - - - - 

Football 2.13 0.545 0.00 0.98 (0.80, 1.21) 3.44 0.328 0.02 0.84 (0.47, 1.49) 

Futsal 3.25 0.355 0.01 1.05 (0.77, 1.44) 3.26 0.352 0.02 1.22 (0.67, 2.23) 

Volleyball 2.23 0.526 0.00 0.92 (0.70, 1.22) 1.50 0.682 0.00 1.42 (0.73, 2.76) 

Beach volleyball 2.57 0.463 0.00 0.82 (0.39, 1.73) 3.86 0.276 0.09 0.42 (0.12, 1.46) 

Note: a separate analysis was performed for each sport within each phase. *= significant difference in χ2, $= specific 

significant difference between Q1 vs Q4. V= corrected Cramer's V: S= small, M= medium, L= large.  
 

RAE by Age Category 

 

Age category and sex analyses revealed RAE in male athletes, although with small effect sizes. The effect was mainly 

observed at ages 16, 19, and 21, with an overrepresentation of athletes born in Q1 compared with Q4 and a 1.20-1.24 

times higher probability of selection (Table 5). No RAE was observed among female athletes across any age category. 

Likewise, when age category and sport type were considered, RAE was identified in team sports with small-to-

medium effect sizes. This effect was evident at ages 15 and 19; athletes born in Q1 were overrepresented compared 

with those born in Q4, with odds ratios of 1.67 and 1.43, respectively. No evidence of RAE was observed in individual 

sports at any age category (Table 6). 
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Table 5 

Statistical analysis summary of the distributions of athletes according to age category and sex. 

 Female Male 

Age category χ2 p V 
OR (95% CI) 

Q1 vs Q4 
χ2 p V 

OR (95% CI) 

Q1 vs Q4 

≤ 12 3.43 0.330 0.01 0.92 (0.74, 1.13) 4.01 0.260 0.02 1.12 (0.89, 1.40) 

13 4.04 0.257 0.02 1.09 (0.85, 1.39) 0.85 0.837 0.00 0.94 (0.73, 1.21) 

14 2.00 0.572 0.00 0.86 (0.68, 1.07) 1.51 0.678 0.00 1.15 (0.92, 1.44) 

15 3.48 0.322 0.01 1.22 (0.99, 1.50) 5.38 0.146 0.03 1.24 (1.03, 1.49 $) 

16 7.31 0.063 0.04 0.89 (0.72, 1.10) 9.63 0.022 * 0.04 S 1.24 (1.06, 1.45 $) 

17 1.13 0.768 0.00 1.00 (0.83, 1.21) 3.92 0.269 0.01 1.05 (0.92, 1.20) 

18 1.44 0.694 0.00 0.92 (0.75, 1.13) 3.07 0.381 0.00 1.00 (0.88, 1.14) 

19 5.02 0.170 0.03 0.98 (0.76, 1.27) 12.05 0.007 * 0.05 M 1.22 (1.02, 1.46 $) 

20 1.57 0.667 0.00 0.94 (0.70, 1.25) 1.85 0.602 0.00 0.94 (0.77, 1.15) 

≥ 21 0.23 0.972 0.00 1.02 (0.78, 1.34) 15.55 0.001 * 0.07 M 1.20 (1.00, 1.44 $) 

Note: a separate analysis was performed for each age category within each sex. *= significant difference in χ2, $= specific 

significant difference between Q1 vs Q4. V= corrected Cramer's V: S= small, M= medium, L= large.  

 

Table 6 

Statistical analysis summary of the distributions of athletes according to age category and sport type. 

 Individuals Teams 

Age category χ2 p V 
OR (95% CI) 

Q1 vs Q4 
χ2 p V 

OR (95% CI) 

Q1 vs Q4 

≤ 12 4.69 0.196 0.02 0.99 (0.84, 1.16) 2.33 0.506 0.00 1.63 (0.67, 3.92) 

13 0.14 0.987 0.00 1.00 (0.83, 1.21) 2.78 0.426 0.00 1.12 (0.66, 1.89) 

14 0.08 0.994 0.00 0.99 (0.83, 1.19) 0.21 0.976 0.00 0.99 (0.70, 1.38) 

15 0.67 0.881 0.00 1.06 (0.90, 1.26) 17.71 <0.001 * 0.09 M 1.67 (1.30, 2.14 $) 

16 2.16 0.540 0.00 1.04 (0.87, 1.24) 9.85 0.020 * 0.04 S 1.17 (0.99, 1.40) 

17 0.11 0.991 0.00 1.01 (0.85, 1.21) 1.33 0.722 0.00 1.04 (0.91, 1.20) 

18 3.72 0.294 0.01 0.91 (0.76, 1.10) 5.83 0.120 0.02 1.01 (0.89, 1.16) 

19 5.95 0.114 0.04 0.82 (0.65, 1.03) 22.02 <0.001 * 0.08 M 1.43 (1.18, 1.74 $) 

20 4.88 0.181 0.03 0.76 (0.59, 0.98) 3.69 0.296 0.01 1.09 (0.88, 1.35) 

≥ 21 3.52 0.318 0.01 1.11 (0.87, 1.41) 8.66 0.034 * 0.05 S 1.17 (0.96, 1.42) 

Note: a separate analysis was performed for each age category within each sport type. *= significant difference in χ2, $= 

specific significant difference between Q1 vs Q4. V= corrected Cramer's V: S= small, M= medium, L= large.  

 

RAE and Competitive Performance 

 

The chi-square tests of independence only showed a statistically significant relationship between birth quartiles and 

qualification for the JDN-2024 in individual sports (Figure 1. E). No statistically significant relationships were 

observed in the other analyses. 

 

Regarding the relationship between birth quartiles and winning a medal, Figure 2. A to 2. E did not show any 

significant associations. Likewise, the OR and 95% CI values do not indicate a significantly higher likelihood for 

athletes born in Q1 to qualify for the JDN-2024 or to win a medal compared to those born in Q4. 
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Figure 1 

Proportion of athletes by birth quartile. 

 

Note: a separate analysis was performed for each cross-tabulation (4 x 2). *= significant difference in χ2, $= specific 

significant difference between Q1 vs Q4. Vc= corrected Cramer's V: S= small, M= medium, L= large. Shows the 

proportion of athletes by birth quartile and qualification for the JDN-2024 for: the total sample of 16357 athletes (A); 

separately for male athletes (B), female athletes (C); for team sports (D); and for individual sports (E). 
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Figure 2 

Shows the proportion of athletes by birth quartile and medalist. 

 
Note: a separate analysis was performed for each cross-tabulation (4 x 2). *= significant difference in χ2, $= specific 

significant difference between Q1 vs Q4. Vc= corrected Cramer's V: S= small, M= medium, L= large.  Since medal 

attainment data were unavailable for rhythmic gymnastics, tennis, and table tennis, the medal analysis was conducted 

on 4558 athletes (of the 5030 who advanced to the final phase) for whom complete data were available. Shows the 

proportion of athletes by birth quartile and medalist in the JDN-2024 for: the total sample of 4558 athletes (A); 

separately for male athletes (B), female athletes (C); for team sports (D); and for individual sports (E). 
 

 

DISCUSSION  

This study explored the RAE among athletes participating in the JDN-2024 from Costa Rica according to sex, sport 

type, age category, and sport performance. The main results confirm the presence of RAE among athletes who 

qualified for the final phase, particularly among male athletes and in team sports, with an overrepresentation of 

athletes born in Q1. These findings agree with previous studies from different countries that have reported RAE in 

youth program sports (Lidor et al., 2021; Romann et al., 2018), and with evidence showing that RAE magnitude 

varies across disciplines, sex, and age category (Cobley et al., 2009; Gil et al., 2021; Smith et al., 2018). 

The overrepresentation of relatively older athletes in youth tournaments is commonly attributed to a combination of 

biological, contextual, and organizational factors. From a biological perspective, early maturation in older athletes 

tends to be associated with more favorable anthropometric and physical profiles (Rubajczyk & Rokita, 2020) and 

superior cognitive and emotional characteristics compared to their younger peers (Musch & Grondin, 2001). These 

differences may contribute to a systemic bias in which coaches tend to favor athletes born in the first month of the 

cutoff year, reinforcing perceptions of greater ability and better performance in competition among those who are 

relatively older (Lidor et al., 2021; Rubajczyk & Rokita, 2020).  

 

On the other hand, cultural factors, sport governance, program structure, and family influence also influence RAE 

within youth sport systems (Wattie et al., 2015). The use of fixed annual age-grouping limits can create systematic 

age gaps of up to 12 months within the same competitive category, disproportionately disadvantaging those born 
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later in the selection year (Cobley et al., 2009). Sports with higher participation and more rigorous selection criteria 

tend to increase the RAE due to competition for limited places, which increases selective pressure and could favor 

relatively older or chronologically older athletes (Kelly et al., 2022; Porto et al., 2021; Voet et al., 2022). Likewise, 

this can exert selection pressures through early sport specialization and prioritizing winning over formation, 

increasing the likelihood that coaches and administrators will favor athletes who demonstrate immediate physical 

superiority in competition (Sweeney et al., 2024; Wattie et al., 2015). Furthermore, family influence, through early 

registration and greater investment in training for children considered talented, can further widen the developmental 

gaps between older and younger athletes (Porto et al., 2021; Wattie et al., 2015). 

Regarding female athletes, RAE was absent across sports, except in chess during the qualifying phase, where a 

reversed pattern was observed: athletes born in Q4 were overrepresented relative to those in Q1. This reversed RAE 

may be explained by the cognitively demanding nature of chess, in which accumulated training or early cognitive 

specialization can confer more advantage than physical attributes (Gil et al., 2021; Helsen et al., 2016). Nevertheless, 

this finding should be interpreted with caution, given the small female chess subsample (n= 187) and the absence of 

a significant effect in the final phase. The widespread absence of RAE among female athletes aligns with systematic 

reviews reporting mild to moderate effects in female sports contexts (Smith et al., 2018), which could be explained 

by a lower density of athletes and selection criteria less biased toward early physical maturity (Faber et al., 2020; 

Romann et al., 2018). 

In team sports, players born in Q1 were 1.15 and 1.25 times more likely to be selected than those born in Q4 in the 

qualifying and final phases, respectively. Sport-specific analyses identified RAE in basketball and football among 

male athletes, a result well-documented in these disciplines (Gil et al., 2021; Ibáñez et al., 2018; Roberts et al., 2021; 

Tascioglu et al., 2023). In football, the pattern held across both phases. The chi-square test in the final phase fell just 

short of significance (p= 0.068), but the Q1 vs Q4 odds ratio rose from 1.38 in the qualifying phase to a significant 

1.74 (95% CI: 1.07-2.83) in the final phase. Rather than easing off, the advantage for athletes born early in the year 

was stronger among those who reached the final stage. This fits the idea that successive selection filters accumulate 

relative-age bias rather than dilute it (Lupo et al., 2019; Roberts et al., 2021). In basketball, although the difference 

was observed between Q2 vs Q4 rather than Q1 vs Q4, this pattern still reflects a systematic selection advantage for 

relatively older athletes in basketball (Ibáñez et al., 2018; Tascioglu et al., 2023). Among individual sports, 

taekwondo was the only discipline showing RAE in male athletes during the final phase with effect size medium, 

consistent with international evidence reporting an overrepresentation of athletes born in Q1 in taekwondo (Cular et 

al., 2024; Minsoo et al., 2022). This could be because physical characteristics can offer competitive advantages during 

the youth stages, and coaches opt for relatively older athletes with greater physical development and psychosocial 

maturity for the tournament (Cular et al., 2024; de Almeida-Neto et al., 2023). 

Age-specific analyses revealed that RAE was not uniformly distributed across age categories. Among male athletes, 

significant effects were observed at ages 16, 19, and ≥21, with Q1 showing 1.20 to 1.24 times greater likelihood of 

selection than Q4 (Table 5). When sport type was considered alongside age, RAE in team sports was most pronounced 

at ages 15 and 19, with medium effect sizes and OR of 1.67 and 1.43, respectively (Table 6). These findings suggest 

that RAE is not constant across development but may intensify at critical transition points in the competitive pathway 

(Hollings et al., 2014; Reed et al., 2017). The accentuated effect at age 15 likely reflects increased selection pressure 

as athletes begin to specialize and compete for limited spots, a period during which maturation-related physical 

advantages are notable (Kearney et al., 2018; Kirkeberg et al., 2022). The resurgence of RAE at age 19 in team sports 

may reflect the transition to senior competition, where relatively older athletes are preferentially retained (Ferragut 

et al., 2021; Lupo et al., 2019). 

When all individual sports were examined together, a statistically significant relationship was observed between birth 

quartile and qualification for the final phase (effect size small) (Figure 1.E), despite the absence of significant sport-

specific effects in most individual disciplines. This apparent discrepancy may reflect the aggregation of small, 

consistent trends across multiple sports that, while individually below the threshold of significance, collectively 

produce a detectable pattern, albeit with the peculiarity that the effect size was small. Despite this, the literature 
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demonstrates that RAE magnitude tends to increase as athletes progress through successive selection stages toward 

national representation (Aku & Yang, 2024; Brazo-Sayavera et al., 2018; Kirkeberg et al., 2022), suggesting that 

competitive filtering across individual sports may cumulatively favor relatively older athletes. 

Despite the selection advantages associated with being born in Q1, RAE did not show a significant relationship with 

medal attainment at the JDN-2024, either in the overall analysis or in specific comparisons. Although previous studies 

have linked birth quartile to competitive success, including medal attainment in track and field (Bezuglov et al., 2022)  

and team performance in championships (Tascioglu et al., 2023), the present findings suggest that early selection 

advantages do not necessarily translate into superior competitive performance, as has been reported in team sports 

(de Oliveira Castro et al., 2024; Folle et al., 2026). The absence of an association between birth quartile and medal 

attainment at the JDN-2024 suggests that, once athletes reach the final stage, the early advantages that shaped 

selection no longer separate medalists from non-medalists, a decoupling between selection bias and performance 

already reported elsewhere (de la Rubia et al., 2020; Kelly et al., 2022). However, it is important to recognize that 

selection processes that favor early maturity can lead to relatively younger, but potentially talented, athletes being 

systematically overlooked (de la Rubia et al., 2020). Coaches should therefore exercise caution when making 

selection decisions based on temporary developmental advantages, as such differences tend to diminish over time 

through growth and training (Hollings et al., 2014; Kirkeberg et al., 2022; Sweeney et al., 2024).  

This reinforces the idea that RAE is driven by selection pressure rather than by chronological age on its own. A useful 

contrast is with school-based sport, where the aim is participation and motor learning more than selection. Evidence 

from Brazilian school competitions shows that RAE does surface there, but mainly in the youngest category (under-

11) and fades in the older ones, once the early maturational gap narrows and the selective stakes ease (Savassi 

Figueiredo et al., 2023). This pattern fits the present findings: where competitive filtering is weaker, the mechanisms 

that produce RAE weaken with it. That the effect concentrates in the selective, high-stakes environment of a national 

tournament, but thins out in more formative or lower-tier settings, points to the selection process itself as the source 

of the bias reported here (Franchi et al., 2026; Savassi Figueiredo et al., 2023). 

LIMITATIONS 

A few limitations should be kept in mind when reading these results. The analysis covers a single edition of the JDN, 

so it reflects one moment rather than a trend across years. Once the sample was split by sex, phase, and quartile, 

several disciplines were left with small subsamples, which constrains how far the sport-specific findings can be taken; 

the reversed effect in female chess (n= 187) is the clearest case. Medal data were unavailable for rhythmic gymnastics, 

tennis, and table tennis, so the performance analysis rests on 4558 of the 5030 finalists. The dataset also lacked 

anthropometric and maturational measures, which would have helped separate biological maturity from birth-quartile 

effects. Tracking several editions and adding maturity and body-size data would help clarify the mechanisms behind 

the patterns reported here. 

CONCLUSIONES  

The analyses of JDN-2024 from Costa Rica confirm the presence of RAE among qualified athletes, with a more 

pronounced effect observed in male sports in general and in specific team sports such as basketball and football, as 

well as in individual sports like taekwondo, where being born in the early months of the year was associated with a 

higher likelihood of selection. Among female athletes, the effect was largely absent, the exception being chess, which 

showed a reversed pattern in the qualifying phase with athletes born late in the year overrepresented. Birth quartile 

bore no clear association with either qualifying for the final stage or winning a medal. Therefore, although RAE was 

present, it did not determine competitive performance. 
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PRACTICAL APPLICATIONS 

These results point to the value of reviewing how talent is identified, selected, and developed across sport disciplines. 

Relative age should not work as an exclusion criterion, but as a variable that informs compensatory strategies to 

reduce bias and support more stable developmental pathways, with selection criteria that favor long-term 

development over short-term performance advantages. For the Costa Rican system specifically, ICODER and the 

sport federations could record and monitor birth-quartile distributions within the JDN registration platform, which 

already holds the data needed to do so. Coaches selecting squads in football and taekwondo, where the effect was 

clearest, should keep in mind that a late-born athlete who reaches the final stage has already passed through a tougher 

filter and is not a weaker prospect. Steps that fit a national-games structure could include grouping by maturity rather 

than birth year in the youngest categories, giving evaluators quartile-corrected reference data so that early physical 

maturity is not read as talent, and adding anthropometric and maturational measures to better link athlete profiles 

with RAE and talent-promotion decisions. 
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